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For lithostratigraphic suc ces sions of the lower Pa leo zoic strata in the Pol ish part of the Bal tic Sea be tween the Słupsk Block and
Courland Block, as sess ment of petrophysical prop er ties was car ried out with the use of mer cury porosimetry and well log ging re sults.
The porosimetric mea sure ments al lowed to de ter mine crit i cal rock pa ram e ters and to dis tin guish ge netic types of res er voirs. To com plete
the in for ma tion on res er voir pa ram e ters, avail able well logs were used. The logs al lowed  iden ti fi ca tion of Cam brian  strata in  bore holes 
and  the dis tin guish ing of sev eral lithostratigraphical units. Re sults of the porosimetric mea sure ments  dem on strated the strongly het er o -
ge neous char ac ter of the pore space in the Cam brian rocks, with gen er ally very weak res er voir prop er ties. Frac tured and po rous-frac tured 
rock space is a prin ci pal fea ture here. Well log anom a lies con firmed the di ver si fied lithological de vel op ment of the Cam brian pro file and  
the some what better res er voir pa ram e ters of rocks of the Paradoxides paradoxissimus Superzone and the shaly char ac ter of the
Eccaparadoxides oelandicus Superzone. From the point of view of vol umes of po ten tial hy dro car bon ac cu mu la tions, the ca pac ity of the
Cam brian de pos its is low, but this is  a ba sic fea ture of res er voir rocks with frac tured and frac tured-po rous space. 
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INTRODUCTION 

De ter mi na tion of quan ti ta tive petrophysical pa ram e ters of
res er voir ho ri zons in an oil- and gas-bear ing for ma tion is a key
el e ment for de fin ing mi gra tion and ac cu mu la tion pro cesses in a 
pe tro leum sys tem. This re quires quan ti ta tive de ter mi na tion of
phys i cal pa ram e ters of the pore space, prin ci pally based on
anal y sis of di rect lab o ra tory mea sure ments and the re sults of
well log ging. By this means, fil tra tion space of dis tin guished
suc ces sions, for ma tions, and lithostratigraphic ho ri zons for po -
ten tial hy dro car bon mi gra tion and ac cu mu la tion can be de fined. 

The main pur pose of the pa per is the as sess ment of the
petrophysical pa ram e ters of the lithostratigraphic suc ces sions
of lower Pa leo zoic strata in the Pol ish part of the Bal tic Sea be -

tween Koszalin and Kuźnica Fault zones (Fig. 1). The geo log i -
cal set ting of this re gion has been dis cussed in de tail by
Karnkowski et al. (2010), Modliński and Podhalańska (2010)
and Pokorski (2010) in this vol ume. 

METHODOLOGY 

For eval u a tion of the rock pore space, porosimetric stud ies
are of great im por tance. 

Cap il lary pres sure mea sure ments with the use of the mer -
cury porosimetry al low one to iden tify po ten tial res er voir
rocks, eval u ate their qual ity and ex pected sat u ra tion with res er -
voir flu ids. The es sence of this method is based on the as sump -
tion that cap il lary pres sures re sult from the in ter ac tion of forces



act ing within the fluid (i.e., co he sion) and forces be tween the
flu ids sat u rat ing the pore space and the rock frame work (i.e.,
ad he sion). The porosimetric method is based on in tru sion of
mer cury (be ing a nonwetting “work ing” liq uid that does not re -
act with the rock frame work), which sim u lates the pre-mi gra -
tion char ac ter is tics of po ten tial wettability of the res er voir rock
(Vavra et al., 1992).  This al lows one to carry out com pre hen -
sive anal y sis of val ues of par tic u lar petrophysical pa ram e ters
that pro vide the ba sis for clas si fi ca tion, and qual i ta tive and
quan ti ta tive char ac ter iza tion, of po ten tial res er voir and seal ing
rocks (Washburn, 1921; Vavra et al., 1992; Tiab and
Donaldson, 1996). This means not only that a void-ra tio value
qual i fies rock as a po ten tial res er voir of a def i nite class, but also 
other pa ram e ters of this space are de ci sive, mostly the pore di -
am e ter size and dis tri bu tion, frac ture width, to tal pore area, and
the ge om e try of dis tri bu tion of pores ver sus their di am e ters,
within the range of the supercapillary, cap il lary and
subcapillary spaces (Wardlaw et al., 1976; Burzewski et al.,
2001; Słupczyński et al., 2001; Kuśmierek and Semyrka, 2003; 
Semyrka et al., 2008). 

The anal y sis pre sented con cerns the phys i cal char ac ter iza tion
of the pore space in the res er voir rocks through de ter mi na tion of
the fol low ing pa ram e ters: rock den sity, ef fec tive and dy namic po -

ros i ties, pore space ge om e try, av er age pore di am e ter, and to tal
pore area (Smoleńska et al., 1995; Smoleńska and Semyrka, 1996;  
Bachleda-Curuś and Semyrka, 1997; Such, 2002). 

Eval u a tion of po ten tial res er voir and seal ing rocks is based
on quan ti ta tive anal y sis of a num ber of pa ram e ters con trol ling
hy dro car bon sat u ra tion and flow in the pore space (Perrodon,
1980; Plewa and Plewa, 1992). Phys i cal mod els of ho mo ge -
neous-fluid flow in po rous me dia are de ter mined by ranges of
crit i cal pore di am e ters, which en able one to dis tin guish five ba -
sic ca pac ity classes: very low, low, mod er ate, high, and very
high ca pac i ties (Słupczyński et al., 2001; Kuśmierek and
Semyrka, 2003; Semyrka et al., 2008). 

Quan ti ta tive anal y sis of a cap il lary pres sure curve makes
also pos si ble  the de ter mi na tion of the res er voir ca pac ity of an
ana lysed sam ple, and to dis tin guish ge netic types of the voids
based on the re la tion ship be tween inter gra nu lar pores and
microfractures: po rous, po rous-frac tured, and frac tured res er -
voirs (Semyrka and Szybiński, 1976; Strzetelski, 1977, 1980;
Górecki and Strzetelski, 1984; Krach and Semyrka, 1984;
Semyrka et al., 2008). 

The na ture of the porosimetric method de ter mines that the
pore space eval u a tion re fers to the supercapillary, cap il lary, and 
subcapillary spaces in which the whole pro cess of mi gra tion

228 Roman Semyrka, Jadwiga Jarzyna, Grażyna Semyrka, Monika Kaźmierczuk and Leszek Pikulski 

Fig. 1. Sketch map of the Pol ish part of the Bal tic re gion and lo ca tion of bore holes and cor re la tion lines ana lysed

Fault sys tem af ter Pokorski (2010)



and ac cu mu la tion of res er voir flu ids takes place. On the
grounds of this di vi sion, gas fil tra tion space was dis tin guished

at pore di am e ters d >0.1 mm and oil fil tra tion space at d >1 mm,
which then al lowed us to de fine dy namic po ros i ties for gas and
for oil (Burzewski et al., 2001; Semyrka et al., 2008). 

The porosimetric mea sure ments were car ried out with ap -
pli ca tion of the AutoPore II 9220 mer cury porosimeter at the
De part ment of Fos sil Fu els, AGH Uni ver sity of Sci ence and
Tech nol ogy, on well cut tings de liv ered by the Pol ish Oil and
Gas Com pany from the on shore  bore holes and by LOTOS
“Petrobaltic” S.A. from the off shore area. 

Lab o ra tory anal y ses of rock sam ples rep re sent a di rect way
to ac quire in for ma tion on petrophysical pa ram e ters. Re sults
ob tained, how ever, are not al ways rep re sen ta tive of the strata
un der study, due to small sam ple sizes, non-rep re sen ta tive
sam pling of the mostly het er o ge neous rock, and not main -
taining con di tions pre ex ist ing in the un dis turbed rock mass, as
well as due to dif fer ent scales of pro cesses that con sti tute the
ba sis for the mea sure ment of a given pa ram e ter. Well log ging
can bridge the gaps in the eval u a tion of the rock pa ram e ters
based on lab o ra tory stud ies. Logs pro vide con tin u ous in for ma -
tion as a func tion of depth along a full geo log i cal pro file but
logs are only an in di rect means of data ac qui si tion. Com bin ing
re sults of lab o ra tory stud ies and well log ging rep re sents the
best way to gain re li able in for ma tion. 

To com plete the in for ma tion on res er voir pa ram e ters of Pa -
leo zoic rocks in the study area, avail able well logs were used.
Gamma-Ray (GR), com pris ing mea sure ment of the nat u ral ra -
dio ac tiv ity of rocks in or der to de ter mine the clay con tent, was
se lected as be long ing to the most in for ma tive group, as well as
elec tric re sis tiv ity logs (at least two logs, for shal low and deep
ra dial in ves ti ga tions). Re sis tiv ity logs were used to check for
the oc cur rence of an in vaded zone in the rock and the pos si bil -
ity of fluid move ment in the rock pore space, and to as sess the
re la tion ship be tween the re sis tiv ity in the zone close to the 
bore hole and in the dis tant zone, away from the in va sion ex -
tent. Neu tron logs were also used in or der to ob tain in for ma tion 
on neu tron po ros ity, NPHI (NEGR), as well as in ter val tran sit

time mea sure ments (DTM) dur ing acous tic log ging, and bulk
den sity de ter mi na tions, RHOB, through den sity logs. Shapes
and sizes of anom a lies on se lected logs were ana lysed to iden -
tify se lected Cam brian ho ri zons. Lithostratigraphic ho ri zons
were dis tin guished and cor re la tion of the strata dis tin guished
along se lected pro files was per formed (Fig. 1). De tailed anal y -
sis of the anom a lies on the logs has in di cated whether the rocks
are shaly, how great their bulk po ros ity is, and whether they can 
con tain hy dro car bons. 

MATERIAL 

Avail able ar chi val ma te rial re gard ing po ros ity and per me -
abil ity in the lower Pa leo zoic strata, from the Lower Cam brian to 
the Si lu rian, was col lected and com piled for pre lim i nary rec og -
ni tion of the dis tri bu tion of res er voir pa ram e ters. This com prises
114 bore hole sec tions in which 2743 sam ples were ana lysed to
de ter mine their po ros ity and 1662 sam ples were tested to de ter -
mine per me abil ity. All the mea sure ments were car ried out on
core sam ples by lab o ra to ries of the Pol ish Oil and Gas Com pany
on shore, and LOTOS Petrobaltic S.A. Com pany with the co-op -
er a tion of the Oil and Gas In sti tute for the Bal tic Sea area. 

The ir reg u lar dis tri bu tion of the in for ma tion col lected, with
re sults of tests de rived from var i ous lab o ra to ries at dif fer ent
times, does not al low us to carry out any re li able sta tis ti cal anal -
y sis and hy dro car bon as sess ment. For these rea sons, eval u a tion 
of po ten tial res er voir ho ri zons in the Cam brian strata was based 
on re sults of porosimetric mea sure ments on 210 sam ples from
18  bore holes (Ta bles 1 and 2). Ow ing to fairly rep re sen ta tive
data, the anal y ses were car ried out for rocks of the Paradoxides 
paradoxissimus Superzone and the Eccaparadoxides
oelandicus Superzone. 

To eval u ate petrophysical pa ram e ters of the lower Pa leo -
zoic strata, prin ci pally of the Mid dle Cam brian de pos its, avail -
able re sults of porosimetric mea sure ments, con ducted at the
De part ment of Fos sil Fu els, AGH Uni ver sity of Sci ence and
Tech nol ogy, Kraków, was gath ered and sup ple mented with
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Bore hole
name n

Ap par ent
(skel e tal) den -

sity [g/cm3]

Bulk den sity
[g/cm3]

Ef fec tive
po ros ity [%]

Average cap il -
lary di am e ter

[mm]

To tal pore
area [m2/g]

Thresh old di -
am e ter [mm]

Dy namic
po ros ity for

gas [%]

Dy namic
po ros ity for

oil [%]

A23-1/88   3 2.69 2.62 2.87 0.04 1.33 30.00 1.50 1.20

B4-2A/02 15 2.57 2.41 6.21 0.98 0.19 27.42 5.95 4.39

B6-1/82 32 2.61 2.36 9.44 1.06 0.38 14.38 9.00 6.96

B2-1/80   6 2.63 2.54 3.73 0.19 0.43 15.00 3.27 1.20

B3-1/81 15 2.50 2.31 13.76  0.75 0.67 14.63 6.44 4.46

B4-1/81 14 2.57 2.39 7.31 0.37 0.66 14.64 6.79 5.46

B6-2/85 15 2.63 2.50 7.34 0.43 0.64 15.07 6.79 4.79

B7-1/91   9 2.64 2.57 2.70 0.75 0.14 14.33 2.58 1.67

B8-1/83 14 2.57 2.43 5.61 0.99 0.42 16.16 5.05 3.74

B16-1/85 15 2.66 2.53 4.69 0.17 0.75   8.99 3.85 1.44

Hel IG 1 19 2.63 2.54 3.71 0.14 0.56 14.73 3.10 1.24

n – num ber of sam ples

T a  b l e  1

Com pi la tion of mean val ues of petrophysical pa ram e ters in rocks of the Paradoxides paradoxissimus Superzone en coun tered in  bore holes



sam ples from the new est off shore bore holes. The ma te rial
com prises porosimetric mea sure ment re sults from the fol low -
ing bore holes: A8-1/83, A23-1/88, B4-2A/02, B6-1/82,
B2-1/80, B3-1/81, B4-1/81, B6-2/85, B7-1/91, B8-1/83,
B16-1/85, Hel IG 1, Dębki 3, Dębki 4, Dębki 5K, Żarnowiec 7,
Żarnowiec 8K and Żarnowiec 9K (Ta bles 1 and 2; Fig. 1). 

EVALUATION OF PETROPHYSICAL PARAMETERS
OF THE PORE SPACE IN BOREHOLES

 OF THE PALEOZOIC STRATA 

The Cam brian rocks were iden ti fied on the ba sis of char ac -
ter is tic anom a lies on well logs. The  Paradoxides
paradoxissimus Superzone and Eccaparadoxides oelandicus
Superzone dis tin guished in bore holes that pen e trated the full
thick ness of the Cam brian strata or at least reached them were
cor re lated along three cor re la tion lines com pris ing the fol low -
ing bore holes: Łeba 8, Białogóra 3, Dębki 3 and Żarno -
wiec IG 1 (Pro file I); A8-1/83, B6-3/02 and B6-1/82 (Pro file
II); and A23-1/88, B4-2A/02 and B4-1/81 (Pro file III; Fig. 1). 

The porosimetric mea sure ments show that the Mid dle
Cam brian rocks of the Paradoxides paradoxissimus
Superzone, rec og nized in 11 bore holes, are char ac ter ized by

ap par ent (skel e tal) den sity rs of 2.50–2.69 g/cm3, and bulk

den sity ro of 2.31–2.62 g/cm3. Their av er age cap il lary di am e ter 

F ranges from 0.4 to 1.06 mm. Their to tal pore area S ranges

from 0.14 to 1.33 m2/g and the thresh old di am e ter j ranges

from 8.99 to 30 mm (Ta ble 1). As a con se quence of the
petrophysical pa ram e ters ob tained, their ef fec tive po ros ity
ranges from 2.87% in the A23-1/88 bore hole sec tion to 13.76% 
in the B3-1/81  bore hole sec tion. Dy namic po ros ity for gas var -
ies from 1.50% in A23-1/88 to 9.0% in B6-1/82, whereas for
oil it var ies from 1.20% in A23-1/88 and B2-1/80 to 6.96% in
B6-1/82. The anal y sis of the dis tri bu tion of the pore space ge -
om e try dem on strates its po rous char ac ter, within the range of
cap il lary and subcapillary pores, as well as its po rous-frac tured
and frac tured char ac ter (Figs. 2 and 3). 

The Eccaparadoxides oelandicus Superzone was en coun -
tered in 6  bore holes. The rocks are char ac ter ized by vari able ap -

par ent (skel e tal) den sity rs within the range of 2.52–2.72 g/cm3,
and bulk den sity from 2.44 to 2.56 g/cm3. The av er age cap il lary
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Bore hole
name n

Ap par ent
(skel e tal) den -

sity [g/cm3]

Bulk den sity
[g/cm3]

Ef fec tive
po ros ity [%]

Av er age cap il -
lary di am e ter

[mm]

To tal pore
area [m2/g]

Thresh old di -
am e ter [mm]

Dy namic
po ros ity for 

gas [%]

Dy namic
po ros ity for

oil [%]

A8-1/83 2 2.52 2.49 1.25 0.74 0.03 100.00 1.05   0.5

B2-1/80 5 2.64 2.56 3.04 0.15 0.33   22.20 2.66   0.7

B3-1/81 1 2.72 2.44 10.00  0.06 2.69     0.20 5.00   1.2

B4-1/81 1 2.66 2.48 6.60 0.05 2.08     6.00 2.10   1.5

B7-1/91 5 2.60 2.43 6.48 0.21 0.57     0.90 5.52 1.62

Hel IG 1 2 2.68 2.55 4.95 0.07 1.22   15.15 2.95   0.3

Ex pla na tions as in Ta ble 1

T a  b l e  2

Com pi la tion of mean val ues of petrophysical pa ram e ters in rocks of the Eccaparadoxides oelandicus Superzone en coun tered in bore holes

 

 
 

Fig. 2. Mer cury porosimetry re sults

A – cu mu la tive in tru sion; B – in cre men tal in tru sion ver sus di am e ter from
porosimetric in ves ti ga tions of rocks of the Mid dle Cam brian Paradoxides
paradoxissimus Superzone in the B6-1/82  bore hole at a depth of 1478.4 m 



di am e ter F ranges from 0.07 to 0.74 mm, to tal pore area S ranges

from 0.3 to 2.69 m2/g, and thresh old di am e ter j var ies widely

from 0.20 mm in a sin gle sam ple up to 100 mm in two non-rep re -
sen ta tive sam ples (Ta ble 2). The ef fec tive po ros ity ranges from
1.25% in the A8-1/83  bore holes to 10.00% in the B3-1/81 bore -
hole, the dy namic po ros ity for gas var ies from 1.05% in A8-1/83 
to 5.52% in B7-1/91, and for oil – from 0.30% in the Hel IG 1
bore hole to 1.62% in the B7-1/91  bore hole. These de pos its are
char ac ter ized by mostly frac tured res er voir space (Fig. 4). 

The Up per Cam brian strata (en coun tered in the Dębki 4 and
Dębki 5K bore holes), which have the petrophysical pa ram e ters
pre sented, rep re sent a res er voir rock type with very low ca pac ity
and com plex po rous, po rous-frac tured, and frac tured pore spaces. 

Non-rep re sen ta tive, in di vid ual re sults of porosimetric mea -
sure ments in the Lower Cam brian Żarnowiec For ma tion of the
Mobergella Zone and Holmia Zone do not en able us to qual ify
them from the point of view of po ten tial res er voir rock oc cur -
rence, and their res er voir space type cor re sponds to frac tured
rocks (Figs. 5–7). 

ANOMALIES ON WELL LOGS AS A SOURCE OF
SUPPLEMENTARY INFORMATION ON RESERVOIR

PROPERTIES OF THE CAMBRIAN ROCKS 

Dis tinct anom a lies on well logs have con firmed the cor rect -
ness of the strati graphic di vi sions, par tic u larly in the Cam brian
for ma tions (Ta bles 3–5). For bore holes in which Cam brian rock
sam ples were ana lysed in the lab o ra tory, val ues of the lab o ra -
tory-tested ef fec tive po ros ity (PHIE) were plot ted onto the well
logs. Part of the ho ri zons cor re lated within Or do vi cian, Cam -
brian, and Pre cam brian se quences along the line com pris ing
bore holes: Łeba 8–Białogóra 3–Dębki 3–Żarnowiec IG 1 is de -
picted in Fig ure 8. Ta ble 3 pres ents depths to the top of the ho ri -
zons cor re lated within the Cam brian in ter val along this line. 

Sand stones of the Paradoxides paradoxissimus Superzone,
with a small pro por tion of claystone in ter ca la tions, rep re sent an
oil-sat u rated res er voir ho ri zon in all bore holes. On well logs this
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Fig. 3. Mer cury porosimetry re sults

A – cu mu la tive in tru sion; B – in cre men tal in tru sion ver sus di am e ter from
porosimetric in ves ti ga tions of rocks of the Mid dle Cam brian Paradoxides
paradoxissimus Superzone in the B4-2A/02  bore hole at a depth of 1157.2 m 

Fig. 4. Mer cury porosimetry re sults

A – cu mu la tive in tru sion; B – in cre men tal in tru sion ver sus di am e ter from
porosimetric in ves ti ga tions of rocks of the Mid dle Cam brian
Eccaparadoxides oleandicus Superzone in the A8-1/83 bore hole at a depth 
of 1964.6 m 



ho ri zon is marked by de creased nat u ral ra dio ac tiv ity (GR) in all 
bore holes that pen e trated the Cam brian strata. On the neu -
tron-gamma log, dis tinct dif fer en ti a tion of val ues (NEGR) in the
Białogóra 3, Dębki 3, and Żarnowiec IG 1  bore holes can be ob -
served. Re sults of the NEGR logs are ex pressed in pulses per
min ute, thus the de creased val ues of anom a lies mean en hanced
neu tron po ros ity, which can also re sult from in creased clay con -
tent. The am pli tudes of anom a lies on well logs are in flu enced by
bore hole di am e ter. It was re corded that changes of the bore hole
di am e ter in the Cam brian strata of the Łeba 8 and Dębki 3  bore -
holes caused de crease in the anom aly val ues. In gen eral, the well
logs have con firmed the sandy char ac ter of the Paradoxides
paradoxissimus Superzone. The un der ly ing Eccaparadoxides
oelandicus Superzone rep re sents a seal ing ho ri zon which, com -
pared to the Paradoxides paradoxissimus Superzone, is char ac -
ter ized by in creased anom a lies on GR and even more de creased
NEGR val ues, de creased elec tri cal re sis tiv ity, and in creased
bore hole di am e ter as com pared to a nom i nal value. This zone is
com posed of claystones, siltstones, and shaly sand stones. In the
lat ter case, the de crease in the NEGR (neu tron po ros ity) re sults
from the shaliness of this zone (Fig. 8). 

The Up per Cam brian de pos its rest ing above the Paradoxides 
paradoxissimus Superzone are char ac ter ized by small thick -
nesses: from 9.6 m in the Żarnowiec IG 1 bore hole to 16 m in the
Dębki 3 bore hole. Up wards in the de pos its, in creased val ues on
the GR log can be ob served in all bore holes, which cor re sponds
to in creased shaliness. The A8-1/83 and B6-1/82 bore holes
reached the Pre cam brian base ment whereas the B6-3/02 reached 
the Eccaparadoxides oelandicus Superzone (Fig. 9). Well logs
that il lus trate the Cam brian li thol ogy in A8-1/83 and B6-1/82
dem on strate dif fer ent anom a lies. The Pro tero zoic strata are vis i -
ble on well logs thanks to in creased nat u ral ra dio ac tiv ity, lower
in ter val tran sit time, in creased bulk den sity, in creased ap par ent
re sis tiv ity, and de creased neu tron po ros ity com pared to the over -
ly ing Żarnowiec For ma tion (Lower Cam brian–Vendian). The
Cm2 p.p. Superzone in bore holes A8-1/83, B6-3/02 and B6-1/82 
(Ta ble 4) is char ac ter ized by lower GR, RHOB and NPHI in di -
ca tions in com par i son with the un der ly ing and over ly ing de pos -
its (Fig. 9). Anom a lies ob served on log curves al lowed us to as -
sume that this zone is com posed of sand stones with a low con tent 
of clay min er als and en hanced bulk po ros ity; they are sat u rated
with hy dro car bons and in the bot tom part with for ma tion wa ter.
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Fig. 5. Mer cury porosimetry re sults

A – cu mu la tive in tru sion; B – in cre men tal in tru sion ver sus di am e ter from
porosimetric in ves ti ga tions of rocks of the Lower Cam brian Mobergella
Zone in the A23-1/88  bore hole at a depth of 1534.9 m 

 

 
 

Fig. 6. Mer cury porosimetry re sults

A – cu mu la tive in tru sion; B – in cre men tal in tru sion ver sus di am e ter from
porosimetric in ves ti ga tions of rocks of the Lower Cam brian Holmia Zone
in the A8-1/83  bore hole at a depth of 2103.3 m 



Their ef fec tive po ros ity is small (from 1.2 to 2.2%), and their
pore space char ac ter, de ter mined as frac tured, ranged within the

subcapillary and cap il lary space in ter val (from 0.04 to 100 mm); 
this has con firmed the low con tents of clay min er als (Fig. 9). The 
un der ly ing and over ly ing seal ing ho ri zons (Cm2 e.o. and Cm3,
re spec tively) are rep re sented by rocks with high con tent of clay
min er als. In the Up per Cam brian strata, the high est in ten sity of
nat u ral ra dio ac tiv ity was re corded. 

In the A23-1/88, B4-2A/02, and B4-1/81 bore holes, Cam -
brian, Or do vi cian, Si lu rian, and Qua ter nary de pos its were en -
coun tered. The Lower Cam brian of the A23-1/88 and B4-1/81
bore holes is de vel oped as de pos its of the Żarnowiec For ma tion,
and the Mobergella, Holmia and Protolenus zones (Ta ble 5 and
Fig. 10). The Mid dle Cam brian of the three bore holes is rep re -
sented by de pos its of the Eccaparadoxides oelandicus
Superzone and the Paradoxides paradoxissimus Superzone, and
in the A23-1/88 bore hole also by the Paradoxides
Forchhammeri Superzone. Cam brian rocks of the lat ter
superzone are char ac ter ized by low po ros ity (from 1.99 to 4.4%). 
They are frac tured rocks with frac ture widths from 0.01 to

30 mm, thus rep re sent ing the cap il lary and subcapillary pore
sizes. Res er voir de pos its of the Paradoxides paradoxissimus
Super zone are char ac ter ized by a de crease in GR and de creased
in ter val tran sit time. In the up per part of this superzone, in -
creased ap par ent re sis tiv ity was re corded (bore holes B4-2A/02
and B4-1/81), whereas the ap par ent re sis tiv ity de creases in the
lower part. This can be no ticed on the in duc tion log (ILD) and
the nor mal elec tric re sis tiv ity log (EN16). Wire line log ging re -
sults, to gether with data on po ros ity, sat u ra tion and li thol ogy for
the B4-1/81 bore hole, are il lus trated in Fig ure 10. En hanced po -
ros ity and a high pro por tion of the sandy con stit u ent can be ob -
served in the Paradoxides paradoxissimus Superzone. In gen -
eral, it can be stated that the Cm2 p.p. Superzone rep re sents a
sandy res er voir with en hanced bulk po ros ity, sat u rated with hy -
dro car bons. This superzone was in ves ti gated in de tail in the
A23-1/88  bore holes. 

Rocks of the Paradoxides paradoxissimus Superzone are typ -
i fied by vari able ef fec tive po ros ity, from 1.9 to 4.4% (mean
2.87%). The char ac ter of the pore space rep re sents the frac tured

type with frac ture width from 0.01 to 30 mm. Then, de pos its of this 
superzone in the  bore holes ana lysed can be clas si fied among frac -
tured res er voir rocks with very low ca pac i ties (Figs. 2 and 3). 

Rocks of the Mobergella Zone show ef fec tive po ros ity
from 1.1 to 1.9%. The po ros i ties and con tri bu tion of frac tures

(from 0.01 to 40 mm in width) to the rock tex ture clas sify these
among frac tured res er voir rocks with very low ca pac i ties for oil 
and gas (Fig. 5). 

The seal ing ho ri zon is formed by de pos its of the
Eccaparadoxides oelandicus Superzone, de vel oped mostly as
claystones and siltstones. They cor re spond to in creased val ues
of nat u ral ra dio ac tiv ity (GR) and in ter val tran sit time (DTM)
re corded in the up per most part of this superzone (in the
B4-1/81 borehole). Above the res er voir ho ri zon of the
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Fig. 7. Mer cury porosimetry re sults

A – cu mu la tive in tru sion; B – in cre men tal in tru sion ver sus di am e ter from
porosimetric in ves ti ga tions of rocks of the Lower Cam brian Żarnowiecka
For ma tion in the A23-1/88 bore hole at a depth of 1689.2 m 

Strati graphic di vi sion  Bore hole
ho ri zon

Łeba 8 Białogóra 3 Dębki 3 Żarnowiec IG 1

Depth of the ho ri zon top [m]

C
A
M
B
R
I
A
N

Up per Cm3 2735.0 2670.0 2673.5 2716.8

Mid dle
Paradoxides paradoxissimus (p.p.) Superzone Cm2 p.p. 2746.5 2684.0 2689.5 2726.4

Eccaparadoxides oelandicus (e.o.) Superzone Cm2 e.o. 2882.0 2791.6 2824.1

Lower

Cm1 2992.5 3000.0

Protolenus (p.)  Zone Cm1 p. 2992.5

Holmia (h.) Zone Cm1 h. 3028.0 3000.0

Mobergella (m.) Zone Cm1 m. 3147.0 3110.0

T a  b l e  3

Depth to top of ho ri zons cor re lated along the pro file Łeba 8–Białogóra 3–Dębki 3–Żarnowiec IG 1
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Strati graphic di vi sion Bore hole 
ho ri zon

A8-1/83 B6-3/02 B6-1/82

Depth of the ho ri zon top [m]

C
A
M
B
R

I
A
N

Up per Cm3 1931.0 1418.8.0 1416.5

Mid dle
Paradoxides paradoxissimus (p.p.) Superzone Cm2 p.p. 1945.5 1439.0 1436.5

Eccaparadoxides oelandicus (e.o.) Superzone Cm2 e.o. 2007.0 1510.0 1509.0

Lower

Protolenus (p.) Zone + Holmia (h.) Zone Cm1 p.+h. 1666.0

Holmia (h.) Zone Cm1 h. 2105.0

Mobergella (m.) Zone Cm1 m. 2146.0 1737.5

T a  b l e  4

Depth to top of ho ri zons cor re lated along the pro file A8-1/83–B6-3/02–B6-1/82

Fig. 8. Cor re la tion of the strata dis tin guished in the Łeba 8, Białogóra 3, 

H2O – sea wa ter level; Q – Qua ter nary; Tr – Ter tiary; Pal. – Paleogene; Cr2 – Up per Cre ta ceous; Cr2 C – Up per Cre ta ceous, Cenomanian; Cr2 C-T –
Callovian; J2 Bt up. – Mid dle Ju ras sic, up per Bathonian; J2 Bj-a – Mid dle Ju ras sic, lower land se ries; Tr3 – Up per Tri as sic, Tr1 – Lower Tri as sic; Tr1 VS 
 Ca2 – Main Do lo mite: A1up. – Up per Anhydrite, Na1 – Old est Salt; A1lw. – Lower Anhydrite; Ca1 – Zechstein Lime stone; T1 – Cop per Shale; Zp1 – 
Sld – Si lu rian (Llandovery); O (Oas) – Or do vi cian (Ashgillian); Ok – Or do vi cian (Caradocian); Oln – Or do vi cian (Llanvirnian); Oar – Or do vi cian
oelandicus); Cm1 p. – Lower Cam brian (Protolenus); Cm1 h. – Lower Cam brian (Holmia); Cm1 m. – Lower Cam brian (Mobergella); Cm1-Ptw (Ż.F.) –
log [pulse/min ute]; DT – tran sit in ter val time [mi cro sec ond/me ter]; Cal i per –  bore hole di am e ter log [mm]; Bit size – nom i nal  bore hole di am e ter log [mm];
po ros ity (ef fec tive) from core [%] 
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Strati graphic di vi sion
Bore hole

ho ri zon

A23-1/88 B4-2A/02 B4-1/81

Depth to top of the ho ri zon [m]

C

A
M
B
R
I
A
N

Up per Cm3 1305.5 1107.0

Mid dle

Paradoxides forchhammeri  (p.f.) Superzone Cm2 p.f. 1315.6

Paradoxides paradoxissimus (p.p.) Superzone Cm2 p.p. 1316.0 1125.5 1109.5

Eccaparadoxides oelandicus (e.o.) Superzone Cm2 e.o. 1410.5 1178.0 1167.5

Lower

Protolenus (p.) Zone Cm1 p. 1492.0

Holmia (h.) Zone Cm1 h. 1514.0

Protolenus (p.) Zone + Holmia (h.) Zone Cm1 p.+h. 1304.0

Mobergella (m.) Zone Cm1 m. 1591.5 1378.0

T a  b l e  5

Depth to top of ho ri zons correlated along the pro file A23-1/88–B4-2A/02–B4-1/81

Dębki 3 and Żarnowiec IG 1  bore holes (Profile I)

Up per Cre ta ceous, Cenomanian–Turonian; J2 – Mid dle Ju ras sic; J2 Cl up. – Mid dle Ju ras sic, up per Callovian; J2 Cl lw. – Mid dle Ju ras sic, lower
md.– Lower Tri as sic, Mid dle Var ie gated Sand stones; Tr1 VS lw. – Lower Tri as sic, Lower Var ie gated Sand stones; P – Perm ian; A2 – Basal Anhydrite;
Basal Con glom er ate; S(Pr) – Si lu rian (Pridoli), Slu up. – Si lu rian, Lud low: Ludfordian; Slu lw. – Si lu rian, Lud low: Gorstian; Sw – Si lu rian, Wen lock;  
(Arenigian), Cm3 – Up per Cam brian; Cm2 p.p. – Mid dle Cam brian (Paradoxides paradoxissimus); Cm2 e.o. – Mid dle Cam brian (Eccaparadoxides 
Lower Cam brian, up per Wend, Żarnowiec For ma tion; Pr – Pro tero zoic; GR – gamma ray, nat u ral ra dio ac tiv ity log [pulse/ min ute, API]; Den sity – gamma-gamma
NEGR – neu tron po ros ity log [pulse/min ute]; EL03 and EL28 – lat eral elec tric logs, short and long, re spec tively [ohmm]; LL3 – laterolog [ohmm]; PHIE –
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Fig. 9. Logs in the A8-1/83, B6-3/02 and B6-1/82

Oln S.f. – Or do vi cian, Llanvirnian, Sasino For ma tion; Oln K.f. – Or do vi cian, Llanvirnian, Kopalino For ma tion; Oar K.f. – Or do vi cian, Arenigian, Kopalino
ILM and ILD – in duc tion logs, mid dle and deep, re spec tively [ohmm]; EN16 – short nor mal elec tric log [ohmm]; NPHI and NPHI(SNP) – neu tron po ros ity 

Fig. 10. Logs and re sults of the com pre hen sive in ter pre ta tion of the B4-1/81  bore hole (Profile III)

Sld up – Si lu rian, up per Llandovery, Sld lw – Si lu rian, lower Llandovery; SW – wa ter sat u ra tion in vir gin zone; SX0 – wa ter sat u ra tion in flushed zone;
PHI – po ros ity [dec.]; PSW – vol ume of rock oc cu pied by wa ter in vir gin zone [dec.]; PSX0 – vol ume of rock oc cu pied by wa ter in flushed zone[dec.];
PERM – per me abil ity [mD]; other ex pla na tions as in Fig ure 8 



Paradoxides paradoxissimus Superzone, Up per Cam brian and
Tremadocian de pos its oc cur, which re veal high in di ca tions on
the GR log, and in creased ap par ent re sis tiv ity, in ter val tran sit
time and neu tron po ros ity. The Up per Cam brian is rep re sented
by claystones with lime stone interbeds. 

The cor re la tion of the beds iden ti fied shown in the bore -
holes de picts the oc cur rence of the Cam brian de pos its with
strong em pha sis on the Paradoxides paradoxissimus and
Eccaparadoxides oelandicus superzones which are im por tant
from the point of view of hy dro car bon ac cu mu la tion and pro -
duc tion. To wards the A23-1/88 bore hole, de scend ing tops of
par tic u lar ho ri zons can be ob served. The anom a lies de scribed
on well logs con sti tute the ba sis for se lec tion of res er voir ho ri -
zons in the for ma tions stud ied, which were sub se quently ana -
lysed in de tail to de ter mine their petrophysical pa ram e ters. 

PETROPHYSICAL PARAMETERS OF THE
PARADOXIDES PARADOXISSIMUS SUPERZONE 

AND OF THEIR MUTUAL RELATIONSHIPS 

Con sid er ing the num ber of the sam ples ana lysed and the re -
sults ob tained that in di cate their ani so tropy, to eval u ate the mu -
tual re la tion ships only the Mid dle Cam brian rocks rep re sent ing 
the Paradoxides paradoxissimus Superzone were sub jected to
sta tis ti cal anal y sis. The sta tis ti cal dis tri bu tion of the ef fec tive
po ros ity val ues for the whole pop u la tion of the sam ples ana -
lysed with ref er ence to dis tin guished fa cies re veals fea tures of
a nor mal dis tri bu tion. Res er voir rocks with very low and low
ca pac i ties have the larg est con tri bu tion equal to 79%; there are
16% of rocks with mod er ate ca pac ity and 6% of rocks with
high and very high ca pac ity (Fig. 11A). The dis tri bu tion of dy -
namic po ros ity val ues for gas is sim i lar, where res er voir rocks
with very low and low ca pac i ties are pre dom i nant (84%). The

con tri bu tion of res er voir rock sam ples with mod er ate and high
ca pac i ties is lower and equals 13 and 5%, re spec tively
(Fig. 11B). When the zone is eval u ated as a res er voir rock for
oil, a char ac ter is tic fea ture is the pro por tion of pores with very
low and low ca pac i ties that amounts to 86%; mod er ate-ca pac -
ity pores rep re sent 10% and high-ca pac ity pores only 2% of all
the sam ples (Fig. 11C). 

All the petrophysical pa ram e ters that char ac ter ize the phys -
i cal prop er ties of rocks should cor re late mu tu ally from the very
na ture of things, thus al low ing one to sta tis ti cally pre dict their
val ues. Of course, this state ment con cerns an ideal, and at least
ho mo ge neous, po rous medium.

To eval u ate the dis tri bu tion of petrophysical pa ram e ters in
the Paradoxides paradoxissimus Superzone the au thors made
an ef fort to find re la tion ships be tween par tic u lar petrophysical
pa ram e ters that char ac ter ize the phys i cal prop er ties of this
zone. All de par tures from ob served trends would be caused by
a vari abil ity of fa cies model (Modliński and Podhalańska,
2010) and par tic u larly by di ver si fied sys tems of frac tures,
which are so numerous in this reservoir horizon. 

From a num ber of petrophysical pa ram e ters that re sult from 
the ac cepted in ves ti ga tion meth od ol ogy, to find cor re la tion re -
la tion ships the au thors used val ues of the fol low ing phys i cal
quan ti ties: ap par ent (skel e tal) den sity, bulk den sity, av er age
cap il lary di am e ter, and to tal pore area, re lated to the ef fec tive
po ros ity and to the dynamic porosity for gas and oil. 

When cor re la tion re la tion ships be tween ef fec tive po ros ity
and other phys i cal pa ram e ters are taken into ac count, an anom -
a lous in crease in this po ros ity with ap par ent (skel e tal) den sity is 
wor thy of note. This in crease seems to be ex plained by the role
of frac ture sys tems which, in great mea sure, de velop in more si -
lici fied, ho mo ge neous rock pack ages of in creased spe cific
grav ity. This rock type is par tic u larly sus cep ti ble to frac tur ing
(Strzetelski, 1980). Bulk den sity, which from the very def i ni -
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bore holes in the Cam brian sec tion (Profile II) 

For ma tion; Oar S.f. – Or do vi cian, Arenigian, Słuchowo For ma tion; Ot P.f. – Or do vi cian, Tremadocian, Piaśnica For ma tion; RHOB – bulk den sity [g/cm3];
[dec.], other ex pla na tions as in Fig ure 8 



tion com prises the pore space, dem on strates a re la tion ship be -
tween these pa ram e ters. In creased val ues of bulk den sity, over
2.35 g/cm3, cor re spond to rocks clas si fied as hav ing very low
and low ca pac i ties. A bulk den sity less than 2.35 g/cm3 is
typical of rocks classified as having moderate, sporadically
high capacities. 

The in crease in ef fec tive po ros ity is un doubt edly re lated to
the in crease in av er age cap il lary di am e ter. Ex cept a few cases,

which no doubt are con nected with the frac tur ing de gree, rocks
qual i fied as hav ing very low and low ca pac i ties are re lated to

low val ues of av er age cap il lary di am e ters, be low 1 µm; their
im por tance grows where cap il lary di am e ters read on the or der

of 2 mm, that is al ready within the in ter val of in creased sizes of
cap il lary pores. In com plex po rous and frac tured res er voir
rocks, de creased to tal pore area at in creased ef fec tive po ros ity
can be jus ti fied. A few sam ples dem on strate fea tures of po rous

238 Roman Semyrka, Jadwiga Jarzyna, Grażyna Semyrka, Monika Kaźmierczuk and Leszek Pikulski 

Fig. 11. Sta tis tical dis tri bu tion of A – ef fec tive po ros ity, B – gas 
dy namic po ros ity, C – oil dy namic po ros ity in rocks of the Mid dle

Cam brian Paradoxides paradoxissimus Superzone 

Fig. 12. Re la tions be tween dy namic po ros ity and ef fec tive po ros ity
 in rocks of the Mid dle Cam brian Paradoxides paradoxissimus

Superzone: A – gas, B – oil 

Fig. 13. Oil dy namic po ros ity ver sus gas dy namic po ros ity in rocks 
of the Mid dle Cam brian Paradoxides paradoxissimus Superzone 



rocks, es pe cially within the in ter val of pores with small cap il -
lary di am e ters, which at higher val ues of to tal pore area (even
on the or der of 2.5 m2/g) re veal po ros i ties from 6 to 8% at most. 
An in sig nif i cant de crease in ef fec tive po ros ity with de creas ing
thresh old di am e ter may seem un jus ti fied. How ever, it is un -
doubt edly re lated to the oc cur rence of frac tures. The con nec -
tion of high thresh old di am e ter in frac tured rocks with their low 
ca pac ity is re vealed here. 

Very sim i lar re la tion ships ap pear with re gard to dy namic
po ros ity for gas: the ap par ent (skel e tal) den sity in crease with
po ros ity and the bulk den sity de crease with this pa ram e ter. Av -
er age cap il lary di am e ter ex erts a marked in flu ence on the dy -

namic po ros ity for gas: just at the di am e ter of 1 µm it al lows the 
at tain ment of po ros i ties higher than 10%. Like wise, in creas ing
po ros ity with de creas ing val ues of to tal pore area can be no -
ticed. An oma lously in creased val ues of to tal pore area at low
po ros i ties are in dic a tive of the in flu ence of pore space whereas
in creased thresh old di am e ters at low po ros i ties show the oc cur -
rence of frac ture sys tems.

As far as dy namic po ros ity for oil is taken into ac count, the
de pend ence of this pa ram e ter on ap par ent (skel e tal) den sity is
still valid, which in di rectly in di cates the role of rock frac tur ing.
Low val ues of ap par ent (skel e tal) den sity re lated to dy namic

po ros ity in di cate the de vel op ment of a po rous res er voir. This
com plex char ac ter of the res er voir space can be con firmed by
val ues of bulk den sity, which are high at low po ros i ties in the
frac tured space and low at in creased po ros i ties of pre dom i nant
po rous type (Fig. 12). Val ues of dy namic po ros ity for oil are a
di rect con se quence of in creas ing av er age cap il lary di am e ter
and de creas ing to tal pore area and thresh old di am e ter. Com par -
i son of the ef fec tive po ros ity with dy namic po ros ity for gas in -
di cates their dis tinct iden tity; in re la tion to a dy namic po ros ity
for oil equal to 8%, the dy namic po ros ity for gas de creases
down to 6%. This can be con firmed by the mu tual re la tion ships
be tween the dy namic po ros i ties for gas and oil, where a po ros -
ity of 10% for gas cor re sponds with a po ros ity of 8% for oil, or
a dy namic po ros ity of 16% for gas cor re sponds with a dy namic
po ros ity of 14% for oil (Fig. 13). 

The anal y sis of the petrophysical pa ram e ters in the Pa leo -
zoic strata in the Pol ish sec tor of the Bal tic Sea shows that the
best res er voir prop er ties are char ac ter is tic of the de pos its of the
Mid dle Cam brian Paradoxides paradoxissimus Superzone.
How ever, they can be clas si fied among rocks with very low,
low, or mod er ate res er voir ca pac i ties at most. The best res er -
voir prop er ties oc cur in the area around the B3-1/81 bore hole
where ef fec tive po ros ity ex ceeds 10% (Fig. 14). A sig nif i cant
fea ture of the zone ana lysed is rep re sented by the com plex
char ac ter of its pore space where the frac tured and frac -
tured-po rous type of the pore space is pre dom i nant, apart from
the po rous type. 

CONCLUSIONS 

The porosimetric mea sure ments and well log ging anal y sis
show the strongly het er o ge neous char ac ter of the pore space in
the Cam brian rocks. 

The re sults of the stud ies have dem on strated that the de pos its 
of the Paradoxides paradoxissimus Superzone should be clas si -
fied among rocks with very low ca pac ity for gas in the A23-1/88, 
B2-1/80, B7-1/91 and Hel IG 1 bore holes, and among rocks with 
low ca pac ity for gas in the re main ing bore holes. As re gards the
ca pac ity for oil, de pos its of this zone en coun tered in the
B4-2A/02, B6-1/82, B3-1/81, B4-1/81, B6-2/85, and B8-1/83
bore holes can be clas si fied among res er voir rocks with low ca -
pac ity, and in the re main ing bore holes, among rocks with very
low ca pac ity. Anal y sis of the dis tri bu tion of the pore space ge -
om e try has shown the pre dom i nance of com plex frac tured-po -
rous and sim ple frac tured types, with fewer po rous-type rocks. 

The petrophysical pa ram e ters in de pos its of the
Eccaparadoxides oelandicus Superzone should be treated as
ap prox i mate be cause the small amount of tests is poorly rep re -
sen ta tive. How ever, de pos its of this zone in the B3-1/81 and
B7-1/91 boreholes can be clas si fied among rocks with low res -
er voir ca pac ity, with the re main ing de pos its be long ing to the
very low ca pac ity class. The val ues of dy namic po ros ity for oil
clearly in di cate the very low ca pac ity class. Qual i ta tively, pore
space anal y sis has shown its frac tured-po rous, fractured, and
porous character. 

The Up per Cam brian de pos its en coun tered in the Dębki 4
and Dębki 5K boreholes rep re sent res er voir rocks with very
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Fig. 14. Sketch map of thresh old val ues of res er voir ca pac ity
 in the Mid dle Cam brian de pos its 



low ca pac ity and com plex po rous, po rous-frac tured, and frac -
tured pore space. 

Non-rep re sen ta tive, sin gle in di vid ual of porosimetric mea -
sure ment in the Lower Cam brian Żarnowiec For ma tion of the
Mobergella Zone and Holmia Zone, from the A23-1/88 and
A8-1/83 bore hole sec tions, do not al low as sess ment in terms of
po ten tial res er voir rock occurrence.

The anal y sis of the pore space ge om e try re sult ing from the
porosimetric mea sure ments, to gether with the sta tis ti cal anal y sis
of the mea sure ment re sults, clearly show the com plex pore struc -
ture of the Cam brian de pos its. The frac tured and frac tured-po -
rous char ac ter of the Cam brian de pos its is con firmed by the sig -
nif i cant con tri bu tion of pores with di am e ters ex ceed ing 0.1 and

1 mm, which is in ad e quate for the po ros i ties cal cu lated. The in -
creased  res er voir ca pac ity of these de pos its with the doc u -
mented oc cur rence of po rous res er voir rocks is worth at ten tion.
The pre dom i nance of frac tured space seems to be shown also by
sta tis ti cal re la tion ships, with low cor re la tion co ef fi cients, be -
tween some petrophysical pa ram e ters de rived from the
porosimetric stud ies. This par tic u larly con cerns the re la tion ship

be tween val ues of ap par ent (skel e tal) den sity, to tal pore area and
pore di am e ters, and ef fec tive and dy namic po ros i ties. 

The vari able anom a lies ob served on well logs con firm the
di ver si fied lithological de vel op ment and res er voir prop er ties of 
the Cam brian rocks. The gamma ray logs pro vide in for ma tion
on clay con tent and the neu tron logs on vari able po ros ity.
Anom a lies on well logs were the ba sis for cor re la tion of  the
Cam brian beds de picted. They also con firm good res er voir pa -
ram e ters of the Paradoxides paradoxissimus Superzone and
the shaly char ac ter of Eccaparadoxides oelandicus Superzone. 

The re sults of the stud ies of the Cam brian de pos its have
dem on strated fea tures of very poor res er voir rocks of low ca -
pac ity. This can not, how ever, rep re sent the only ar gu ment in
eval u a tion of the res er voir rocks. The fact re mains that from the 
point of view of vol umes of po ten tial hy dro car bon ac cu mu la -
tions their ca pac ity is low, but this is a ba sic fea ture of res er voir
rocks with frac tured and frac tured-po rous space. The re sults
pre sented have proven the oc cur rence of this type of res er voir
space, but are lim ited with re spect to microporous space, with -
out re gard to macrofractures. 
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